A novel bacterial strain, designated N60A
The genus Mucilaginibacter, a member of the family Sphingobacteriaceae within the phylum Bacteroidetes was first proposed by Pankratov et al. [1] with two species, Mucilaginibacter paludis and Mucilaginibacter gracilis, isolated from an acidic Sphagnum peat bog. The members of the genus Mucilaginibacter are Gram-negative, nonmotile, non-spore-forming, rod-shaped bacteria that have MK-7 as the predominant isoprenoid quinone and phosphatidylethanolamine as the major polar lipid. The type species of the genus Mucilaginibacter is Mucilaginibacter paludis [1] . At the time of writing, the genus Mucilaginibacter contains 48 species with validly published names (http://www.bacterio.net/mucilaginibacter.html) [2] and a species, 'Mucilaginibacter ginsenosidivorax' [3] has been proposed but has not been validated yet. Strains of members of the genus Mucilaginibacter have been isolated from an automobile evaporator core [4] , acidic peat [1] , compost [5] , freshwater [6] [7] [8] [9] [10] [11] [12] , leaf mould [13] , lichen [14] , marine sand [15, 16] , moss [17] , paddy field [18] , peatland [19] , plant [20] [21] [22] , the plant rhizosphere or soil [14, [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] , rice straw and rotten wood [40] [41] [42] , sediment [3] , tidal flat sediment [43] , wastewater [44] , wetland [45] and wood [46] .
Strain N60A
T was recovered from the sediment soil of a crater lake, Baekrokdam, Jeju, Republic of Korea. Soil samples were diluted serially in sterile distilled water. The diluted samples were spread on ten-fold diluted R2A (BD) agar and incubated at 25 C for 4 weeks. A pinpoint colony, designated N60A
T , was isolated, purified by subculturing on the same medium and maintained as glycerol/water suspensions (20 %, v/v) at À70 C. For most experiments, N60A
T was cultivated on ten-fold diluted R2A at 25 C for 5 days, unless stated otherwise. The cultivation of N60A T and reference strains was tested on R2A, one-tenth-strength R2A, tryptic soy agar (TSA; BD), one-tenth-strength TSA, nutrient agar (NA; BD) and one-tenth-strength NA. For comparative purposes, Mucilaginibacter frigoritolerans LMG 25359 T and Mucilaginibacter gotjawali KCTC 32515 T were grown under identical conditions. The extraction of genomic DNA, PCR amplification of the 16S rRNA gene and sequencing of the purified PCR product were performed as described by Lee et al. [47] . The 16S rRNA gene sequence of N60A
T was compared with reference sequences retrieved from the EzTaxon server (http:// eztaxon-e.ezbiocloud.net/) [48] and GenBank/EMBL/DDBJ. The neighbour-joining [49] , maximum-parsimony [50] and maximum-likelihood [51] algorithms with the JukesCantor calculation model [52] of the MEGA 7 program [53] were used in phylogenetic tree reconstruction. Bootstrap analysis [54] was done with 1000 replicates. The DNA G+C content was determined as described by Tamaoka and Komagata [55] .
Cell morphology was observed under a phase-contrast microscope (Eclipse 80i; Nikon) and a CM-20 transmission electron microscope (Philips). Gram reaction was performed by using Hucker's modification [56] . Motility was tested using the hanging-drop technique [57] . The presence of flexirubin-type pigments was tested using the KOH test [58] . Growth under anaerobic conditions was determined after incubation in a Forma anaerobic chamber on tenfolddiluted R2A agar. Catalase activity was determined by production of bubbles after the addition of a drop of 3 % H 2 O 2 . Oxidase activity was observed by using the oxidase reagent (bioM erieux). Growth at 5, 10, 15, 20, 25, 30, 37 and 42 C, in the presence of 0.5, 1, 2, 3, 4 and 5 % NaCl, and at pH 4.0-10.0 (in increments of 0.5 pH units) was investigated. The following biological buffers were used to adjust the pH: Na 2 HPO 4 /NaH 2 PO 4 for pH 4-8.5 and Na 2 CO 3 /NaHCO 3 for pH 9-10 [59] . Acid production tests, enzyme activity and additional phenotypic characteristics were tested using API 50CH (with CHB/E medium), API ZYM and API 20NE galleries according to the instructions of the manufacturer (bioM erieux). The utilization of carbon sources was examined using the GN2 MicroPlate according to the instructions of the manufacturer (Biolog). Polar lipids were analyzed by two-dimensional TLC using procedures as described by Minnikin et al. [60] . The spots for polar lipids were identified by spraying with 30 % H 2 SO 4 , 10 % phosphomolybdic acid in ethanol (P4869; Sigma). For analysis of fatty acids, cells of N60A T and the reference strains were grown on one-tenth-strength R2A at 25 C for 5 days. Fatty acid methyl esters were prepared according to the protocol of the Microbial Identification System (MIS; Microbial ID) and identified by using MIDI [61] with the TSBA database version 6.1. Isoprenoid quinones were analyzed by using reversed-phase HPLC as described by Shin et al. [62] .
The nearly complete 16S rRNA gene sequence (1440 nucleotides) of N60A
T was determined and compared with the sequences of all known species of the genus Mucilaginibacter. N60A
T showed the highest similarity of 16S rRNA gene sequence to Mucilaginibacter frigoritolerans FT22 T (96.5 %) and had similarities of less than 96.1 % with other representative members of the genus Mucilaginibacter, which is indicative of relatedness at the species level [63] . The phylogenetic tree indicated that N60A
T fell within the genus Mucilaginibacter, this being supported by three treemaking algorithms (neighbour-joining, maximum-parsimony and maximum-likelihood) and a bootstrap value of 1000 replicates (Fig. 1) . The DNA G+C content of N60A T was 44.4 mol%. In a previous report, the DNA G+C content of members of the genus Mucilaginibacter has been shown to vary between 42.4 and 47.0 mol% [6] .
N60A
T formed transparent white colonies that were circular, convex, smooth and slimy on ten-fold diluted R2A after incubation for 5 days at 25 C. A transmission electron micrograph of N60A T was obtained (Fig. S1 , available in the online Supplementary Material). N60A
T grew well on onetenth-strength R2A, but did not grow on NA, R2A, TSA, one-tenth-strength NA and one-tenth-strength TSA. The best growth of N60A
T and the reference strains was observed on one-tenth-strength R2A. Cells were strictly aerobic, Gram-reaction-negative, oxidase-and catalase-positive, non-motile rods. Growth occurred at temperatures ranging from 10 to 30 C (optimum, 25 C), at pH 6.0-7.0 (optimum pH 6.0-6.5) and up to 0.5 % NaCl (optimum 0 %). The physiological and biochemical characteristics that differentiate N60A
T from closely related taxa are listed in Table 1 . N60A
T could be clearly distinguished from the most closely related strain, Mucilaginibacter frigoritolerans FT22 T , by differences in colony colour, acid production from some carbohydrates (from API 50CH tests), enzyme activities (from API ZYM tests) and carbon source utilization in Biolog GN2 microplates. The other physiological and biochemical characteristics are summarized in the species description.
T and the reference strains contained phosphatidylethanolamine, two unidentified aminophospholipids and an unidentified phospholipid as the polar lipids (Fig. S2 ). N60A
T contained MK-7 as the predominant menaquinone. The cellular fatty acids profiles of N60A T , together with Mucilaginibacter frigoritolerans LMG 25359
T and Mucilaginibacter gotjawali KCTC 32515 T are shown in Table 2 . The fatty acid profile of N60A
T was similar to those of closely related reference strains, i.e. almost all components were common in all strains. Summed feature 3 (C 16 : 1 !7c/C 16 : 1 !6c), iso-C 15 : 0 and iso-C 17 : 0 3-OH were predominant as the major fatty acids, although some minor quantitative differences in fatty acid content could be observed. The major fatty acids found in N60A
T were summed feature 3 (39.6 %), iso-C 15 : 0 (29.1 %), and iso-C 17 : 0 3-OH (7.9 %). Detailed chemotaxonomic characteristics of N60A
T are included in the species description.
Combined phenotypic, chemotaxonomic and genotypic data described above support the hypothesis that N60A T represents a member of the genus Mucilaginibacter, but can be clearly differentiated from other members of the genus Mucilaginibacter. Therefore N60A
T represents a novel species of the genus Mucilaginibacter, for which the name Mucilaginibacter craterilacus sp. nov. is proposed.
DESCRIPTION OF MUCILAGINIBACTER CRATERILACUS SP. NOV.
Mucilaginibacter craterilacus (cra.te.ri.la¢cus. L. masc. n. crater a crater; L. masc. n. lacus a lake; N.L. gen. n. craterilacus of a crater lake). Cells are strictly aerobic, Gram-reaction-negative, nonspore-forming, non-motile rods (0.6-0.9Â1.8-3.2 µm). Forms transparent white colonies that are circular, convex, smooth and slimy on ten-fold diluted R2A. Oxidaseand catalase-positive. Growth occurs at 10-30 C (optimum 25 C), at pH 6.0.-7.0 (optimum pH 6.0-6.5) and presence of up to 0.5 % NaCl (optimum 0 %). In API 20NE, positive for hydrolysis of aesculin and gelatin, weakly positive for -nitrophenyl-b-D-galactopyranoside, but negative for reduction of nitrate, production of indole, hydrolysis of arginine and urease and assimilation of glucose, arabinose, mannose, mannitol, N-acetyl-glucosamine, maltose, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid. In the API 50CH gallery, acid is produced from aesculin ferric citrate only. According to API ZYM test results, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, and a-fucosidase are present, but lipase (C14), trypsin, a-chymotrypsin and b-glucuronidase are absent. a-mannosidase is weakly positive. In Biolog GN2 microplates, a-cyclodextrin, D-fructose, D-galactose, gentiobiose, a-D-glucose, lactose, lactulose, maltose, D-mannose, melibiose, raffinose, sucrose, trehalose and turanose are utilized as sole carbon sources. The predominant isoprenoid quinone is MK-7. The fatty acid profile is dominated by summed T . +, Positive; W, weakly positive; À, negative. All strains tested were positive for catalase, oxidase, hydrolysis of aesculin (API 20NE), acid production from aesculin ferric citrate (API 50CH), alkaline phosphatase, esterase lipase (C8), valine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, agalactosidase, b-galactosidase, a-glucosidase, b-glucosidase and Nacetyl-b-glucosaminidase (API ZYM) and assimilation of a-cyclodextrin, D-fructose, gentiobiose, a-D-glucose, lactose, maltose, D-mannose, sucrose, trehalose and turanose (Biolog GN2).
Characteristic 1 2 3
Colony colour* Transparent white
Yellowish grey
Creamy white Growth at/with: The type strain is N60A T (=KCTC 52404 T =NRRL B-65396 T ), isolated from sediment soil of a crater lake, Baekrokdam, Hallasan, Jeju, Republic of Korea. The DNA G+C content of the type strain is 44.4 mol%. 
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